Infection with the human immunodeficiency virus (HIV) usually results in a transient mononucleosislike disease several weeks after exposure and development of detectable levels of serum antibodies to the virus (18) . HIV can be readily isolated from the blood of most seropositive people, and seropositivity and viremia are generally assumed to be synonymous. A more unconventional pattern of infection appears to be emerging, according to recent studies of HIV infection, especially among sexual contacts and children born to seropositive mothers. A portion of outwardly healthy seronegative sexual contacts of patients with AIDS test positive for HIV by polymerase chain reaction (PCR) and/or in situ hybridization (11, 20, 29) . Similar findings for some of the seronegative children born to HIV-infected mothers have been reported elsewhere (36) . Circulating B lymphocytes from some seronegative people can produce HIV-specific antibody following in vitro stimulation by pokeweed mitogen, corroborating genome testing (13) .
Two possible explanations for the phenomenon of HIV genome-positive, seronegative individuals are available. The first is that seroconversion is merely delayed longer than usual in some HIV-infected individuals (8, 10, 11, 39) . The second possibility is that HIV infection may interact with the host and vice versa in an unconventional manner. Many factors, such as the route of infection, amounts of the infecting virus, viral variants, or host immune response to the infecting virus, may influence the time period needed for seroconversion and disease development. The occurrence of seronegativity in latent infection is still a debatable issue.
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Availability of animal models may be crucial to study the significance and mechanisms of HIV genome positivity accompanied by seronegativity.
Feline immunodeficiency virus (FIV) is a lentivirus that causes an immunodeficiency syndrome in cats (25) . The pathogeneses of FIV and HIV infections in their respective hosts are remarkably similar (2, 6, 19, 23-27, 33, 42) . FIV can be readily isolated from seropositive, symptomatic cats. However, FIV isolation from cultured peripheral blood mononuclear cells (PBMC) of stray cats with no detectable antibody has been reported elsewhere (9) . Cats experimentally infected with FIV develop a transient flulike illness associated with seroconversion before entering a long latent period of outward normalcy. It has been assumed that all infected cats will eventually become seropositive (22, 41, 42) . In one study, all experimentally infected cats except one seroconverted within several weeks; the cat that did not seroconvert in that period became seropositive only after a period of 14 months (42) .
The major route of transmission of FIV appears to be biting (42) . Free-roaming male cats engaged in territorial behavior are at the highest risk for infection in nature. Seronegative cats housed together with infected cats usually remain seronegative, probably because aggressive behavior is largely suppressed when cats are confined together in a stable household. Until recently, it had been assumed that all FIV-seronegative cats living with seropositive animals are uninfected. We report here on the frequent presence of the FIV genome in persistently seronegative cats that have been housed for prolonged periods with seropositive FIV-infected 
RESULTS
Clinical, serological, and virological status of cats. The unexposed control cats in groups 1 and 9 to 13 (Table 1) remained healthy and seronegative for FIV antibody by IFA and Western blot analysis (Fig. 1, lanes 7 to 9) . They maintained normal CD4+-to-CD8+ T-cell ratios (see Table  4 ), and their ConA-stimulated PBMC were negative for RT activity.
The 21 cats in groups 2 to 8 that were experimentally (Fig. 1, lanes 1 to 6) glycoprotein of 42 kDa were also detected. However, these protein bands were relatively less intense than p17 and p24 core protein bands. Supernatants of ConA-stimulated PBMC cultures from these FIV-infected cats were positive for RT activity as well as for viral gag antigens by the antigen capture ELISA. The experimentally FIV-infected cats exhibited a progressive decrease in the number and percentage of circulating CD4+ T lymphocytes and in the CD4+-to-CD8+ T-lymphocyte ratio (see Table 4 ) and depressed in vitro lymphocyte-proliferative responses to phytomitogens (see Table 5 ).
The 20 naive catshoused with infected cats also remained asymptomatic for the duration of the study. One of these cats, cat no. 12 (group 5 [ Table 1 ]), seroconverted (Fig. 1,  lane 20) and became virus culture positive after being housed with FIV-seropositive cats for 8 months. This status was maintained for the remainder of the study. The remaining 19 cats remained seronegative by both IFA and Western blot analysis (Fig. 1, lanes 7 to 20) . Viral cultures from these cats were negative for viral gag proteins and RT activity ( Table  2) .
Twelve of 17 pet cats in the Petaluma household were FIV seropositive at the start of the 4-to 5-year study and remained positive thereafter. A total of 6 of the 12 seropositive cats (Table 3 ) died of the AIDS-like syndrome associated with FIV infection, and 1 seronegative cat (cat P16) died of other causes during the same period. The remaining 10 cats were asymptomatic. Most of these cats were homeless prior to obtaining shelter in the Petaluma household. Many of them were feral. Therefore, they were at high risk of exposure to FIV infection and many were probably infected with FIV before they entered the home.
Detection of FIW DNA by PCR. FIV proviral DNA was detected in all 21 experimentally infected, seropositive cats (no. 6, 7, 9, 10, 17, 20, 21, 22, 26, 27, 32, 35, 36, 39, 2428, 2429, 2433, 2436, 2836, 2838 , and 2839). Genomic DNA samples from both PBMC and bone marrow were positive for FIV gag-and env-specific sequences. Blood and bone marrow samples from the unexposed cats in groups 1 and 9 to 13 were uniformly negative. Of the 20 cats housed with experimentally infected cats, 11 were positive for FIV proviral DNA in either PBMC or bone marrow or both ( Fig. 2 ; Table 2 ). In nine of these cats, both bone marrow and PBMC were positive, while in the remaining two cats, only bone marrow samples were positive for proviral DNA. Twelve seropositive cats in the Petaluma household and three of the five seronegative cats were positive for FIV proviral DNA in either PBMC or bone marrow or both ( Table 3) .
Detection of FIV-infected cells by in situ hybridization. ConA-stimulated PBMC cultures from seronegative, PCRpositive cats were examined by in situ hybridization with the 35S-labeled FIV DNA probe. Cultured PBMC from 4 of 10 seronegative, FIV genome-positive cats (no. 16, 19, 23 , and 37) were positive for FIV RNA (Fig. 3D) (Fig. 3A and B) . By day 6, there were 10 to 20 infected cells per 2,000 cells, and by day 13 there were 80 to 100 FIV-infected cells per 2,000 cells.
Enumeration of lymphocyte subsets. There were no significant differences in CD4+ or CD8+ T-cell parameters between seronegative uninfected and FIV genome-positive, seronegative cats (P > 0.05) ( Table 4 ). The seropositive cats as a group exhibited a significant decrease in the percentages and numbers of circulating CD4+ lymphocytes and in the CD4+-to-CD8+ cell ratios compared with unexposed as well as FIV genome-positive, seronegative cats, as determined by both Student's t and Mann-Whitney U tests.
Whole-blood lymphocyte stimulation microassay. There were no significant differences in mitogen-induced lymphocyte stimulation assays between FIV-unexposed cats and FIV genome-positive, seronegative cats (P > 0.05) ( Cultured and uncultured PBMC from the recipient cats were negative for FIV nucleic acids in both PCR ( Fig. 4 ; Table 6 ) and in situ hybridization assays (Fig. 3E) prior to the transfer. Uncultured PBMC samples from all four recipient cats were negative at 2 weeks posttransfer (Table 6) . However, when the PBMC were cultured for 6 to 10 days following mitogenic stimulation, two of the four cats (cat no. 23 and 37) were positive only by PCR. At week 4, the same two cats were positive for FIV DNA in PBMC before culture, while after culture, all four PBMC samples were positive. By week 19, PBMC samples from three of the four cats were positive by PCR without in vitro culture (Table 6 ). The PBMC samples collected at weeks 6, 8, and 10 posttransfer were also positive for FIV nucleic acids by in situ hybridization following in vitro culture with ConA stimulation (Fig. 3F) . About 10 to 1,000 cells per 500,000 PBMC tested positive by this assay.
Sera from the recipient cats were negative for FIV antibodies by IFA and Western blot analysis prior to the transfer study (Fig. 1, lanes 21 to 24) and consistently remained seronegative posttransfer (Fig. 1, lanes 25 to 28) . In addition, none of the cats showed any outward signs of disease.
Virus production following CD8+ T-cell depletion. ConAstimulated PBMC cultures from the four recipient cats did not produce FIV antigens by IFA or RT enzyme activity prior to or following the blood and bone marrow transfusion. This included cats that became FIV genome positive after the transfusion. In contrast, FIV was easily isolated from PBMC cultures of six experimentally FIV-infected seropositive cats.
It has been previously reported that CD8+ T cells suppressed HIV type 1 (HIV-1) replication in PBMC of healthy seropositive subjects. The depletion of CD8+ T cells from PBMC cultures of these human subjects and HIV-infected chimpanzees facilitated isolation of the virus (7, 15, 37, 38 In HIV infection, host-mediated protective responses, such as CD8+ T-lymphocyte-mediated suppression, may contribute to suppressing viral gene expression, as has been reported elsewhere (14, 15, 37, 38) . However, CD8+ T-cell depletion of PBMC from seronegative FIV DNA-positive cats failed to induce viral production in these cultures. Therefore, lack of FIV production in these cats cannot be simply explained by CD8+ T-cell-mediated suppression of viral replication.
The phenomenon of seronegative, viral genome-positive cats could be explained in several ways, one of them being delayed seroconversion. In some homosexual men, HIV-1 DNA was detected by PCR from 12 to 42 months before seroconversion (39) . In an earlier experimental study, infected cats seroconverted within several weeks (42) . However, a single cat took more than 14 months to seroconvert, even though it had isolatable virus in its blood at an early time. In a longitudinal study of an individual at high risk for HIV infection, positive proliferative response of T helper The third possibility is that FIV genome-positive-, seronegative cats were infected with FIV in such a way as to cause an atypical immune response and disease course. It has been shown that conventional FIV infection and disease follow either direct parenteral injection of the virus or bites via infective saliva (41, 42) . Although considered uncommon, postpartum transmission of HIV through exposure of infants to infected breast milk might represent an analogous means of oral spread (17, 21, 32, 44) . Experimentally administered bites lead to viremia and rapid seroconversion in cats (41) . However, biting was generally not observed among cats in our experimental groups, and it is conceivable that cats housed with infected animals may have been exposed to minuscule doses of virus following ingestion of infective saliva, feces, and urine in the process of mutual grooming or using the same food and water dishes. Virus entry could also be facilitated by the (35) . When blood from seronegative but PCR-positive sooty mangabeys was transferred to naive animals, recipients became seropositive and the presence of SIV DNA could be detected (12) .
Our study demonstrates that following the transfer of blood and bone marrow from seronegative, FIV genomepositive cats, three of the four naive cats acquired FIV DNA in their PBMC. Whether these cats will ever show active virus production remains to be seen. It is also possible that over time, FIV reactivity may be lost if a productive viral infection is not established. Early host immune responses to FIV infection remain undetermined. The FIV model should prove invaluable to understand host-mediated suppression of virus production in the initial stages of infection and its relation to latency and delayed seroconversion.
